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1. Introduction

data in the memory are sent back to the earth.
Thus ecological data and migratory patterns of
whales will be obtained.

Catching whales has long been discussed
internationally among the specialists and
organizations concerned. The ecology of
whales, however, is not sufficiently clear yet.
Since Japan has been assigned at the
International Whale Committee as the
responsible country for monitoring ecology of
blue whales in the antarctic ocean, we have
started a study on a Whale Observation
Satellite System.
This system comprises of three elements:
a small satellite on a polar orbit, ecological
sensor probes attached to whales, and a
ground station. In each probe, a receiver of
GPS, several sensors to collect ecological data
of a whale, a memory to record the sensor
data collected, a UHF transmitter, antennas
and a power generator are installed. When the
whale and the probe come up to the sea surface,
the GPS receiver will locate the position of the
probe. The electric power needed for the
probe is generated by utilizing the motion of
the whale. The electric power is generated by a
stack of kinetic power generator units,which
will be practically applied to a wristwatch.
The position data together with the
ecological data are sent to the satellite on a
polar orbit of ~O -- 1300 km high, which has
been an elongated structure with a deployed
mast, and its attitude is controlled by gravity
gradient torque. The antennas fixed at the end
of the satellite body will point the earth,
and communication link will be established.
The satellite stores the data sent from probes
in a memory on board. When the satellite flies
over the ground station, the station will send a
command signal to the satellite, and all the

2. Whale Ecology Observation Satellite
(WEOS)
Assuming a piggy-back launch of WEOS,
we have designed it to be 50 kg in weight,
and to be a cube with the side length of 50 em,
to which a mast of 3m long will be deployed
after orbiting. External and internal view of
the WEOS is shown in Figure- 1. Owing to
the gravitational torque to this elongated
structure of the satellite, Z axis will be
stabilized to point the center of the earth.
Since telemetry antenna patterns point
toward +Z direction, communication
links between the probe and the satellite, and
the ground station and the satellite are
established. Figure- 2 shows the block diagram,
and Table-l shows the major characteristics
of the WEOS. Table-2 shows the weight and
the power consumption of the WEOS.

2- 1 Communication System
Communication system consists of the
following functions:
(a) Telemetry from whales to the WEOS,
(b) Telemetry from the WEOS to the

ground station, and
(c) Command from the ground station to
theWEOS.
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Table- 1 Major characteristics of WEOS
Orbit requirements
Circular( 8:)0 Km - 1300 Kmj TBD). Polar
Mechanical Characteristics
Shapej
Cube type
Dimension;
Less than 50 em x 50 em x 50 em
(Including attach fitting)
Weight;
Less than 50 Kg
Power systemj
Generating power;
Cell type;
Battery;
Telemetry from whales;
Uplink frequency;
Uplink modulation;

8W 19W
Si
Ni- Cd 2AH Cell

UHF
l200bps Manchester-eodeIPM

Telemetry from the WEOS to control station;
Downlink frequency;
S- band
Downlink modulation;
9600bps Manchester-eodeIPM
Commandj
Uplink frequency;
Uplink modulation;
Attitude control;
Control scheme;

Stabil..ization accuracy:
Control functions;

Sensor;
Actuator;

VHF
1200bps Manchester-eodelFSK
Passive gravity gradient
stabilization and magnetic
libration control
+/-10 degree
Earth potntting of + Z axis
Magnetic libration damping
Change of attitude
equilibrium points
Geomagnetic aspect sensor
Mass( 6kg) and mast(3m) for
gravity gradient
Magnetic torquer

Table-2 Weight and power consumption
Subsystem

Weight

Power consumption

Power system
(Including solar cell)

8.4 Kg

0.4 W

Communication system

2.9 Kg

3SW

Data processing system

5.0 Kg

2.0W

Attitude control system
Uncluding tip mass)

11.6 Kg

0.4 W

Structure

120 Kg

-

L5 Kg

-

Wire harness
System margin
Total

8.6 Kg
50.0 Kg
-

3

6.3W

2- 2 Central Processing Unit of the WEOS

2- 1- 1 Telemetry from whales to the WEOS

(WCll)

There are several difficulties to construct
the telemetty link as;

Central processing unit (WCU) in the
system has various functions such as FSK
demodulation, command decoding,
programmed command generation, telemetry
processing,and attitude control processing.
Mter the separation from the launch
vehicle or in case of emergency. demodulation
of command signa~ telemetry of house keeping
and command decoding for limited items are
executed by hardware without any use of
software. Computer system of the WCU
consists of 16 bit CPU (V50) of NEe, EEPROM,
RAM, etc.
Original program is stored in several
EEPRO M and is then transferTed to a program
area of RAM just after the separation from the
launch vehicle.
The memory area in the RAM is divided
into three, namely for program, programmable
command, and stored data. Mter transfer
of the original program from EEPROM to RAM,
changing program is performed through
command. In order to be free from soft error,
one bit detection/correction is performed for
every word of RAM.
For the program in RAM two bits of error
detection is performed. Ecological data from
various whales along with house keeping data
of the WEOS are memorized in RAM. Those
data are formatted and sent to the ground
station by S-band telemetry.
The WCU has another function to initiate
the deployment of the mast for gravity gradient
stabilization.

(a) There are no operators on both sides.
(b) Antennas of both sides are
omni- directional and low gain.
(c) Output power of the probe transmitter
is less than 1 W.
Packet communication system using
X.25 link protocol will be the best way to

realize a reliable communication link between
a whale and the satellite, however to simplify
the system we selected here an one-way
communication system.
In view of the propagation loss, use of
VHF would be preferable for this telemetry,
however, since the artificial noise environment
is not so desirable, we selected UHF band.
To improve the link margin, phase lock
type receiver is adopted. Loss of data
acquisition probability due to the frequency
sweep for phase lock receiver would be studied
in the future.

2-1- 2 T e1emetty from the WEOS to the
ground station
The WEOS send whale ecological data
and house keeping data of the satellite to the
ground station. For this purpose, a high gain
antenna of the ground station is available, and
there would not be so much limitation for
selecting frequency and modulation type.
2-1-3 Command from the ground station to
theWEOS

2-3 Attitude Control System

By making use of gravity gradient torque,
Z axis of the WEOS is set to be earth pointing.
Accordingly UHF and S-band antenna is
installed at one of the end panel which faces
the earth's surface.
Since VHF antenna for uplink command
will be made omni-directional, it would placed
on the other side of the former two antennas.
Although noise environment in VHF would not
be favorable for command purpose, we would
like to use this band by increasing transmitter
power and to use FSK modulation to simplify
the WEOS system.

-

For the attitude control scheme of the
WEOS, passive gravity gradient stabilization
and magnetic libration control are adopted
because of the following reasons;
(a) Requirement to the pointing accuracy
of Z axis is mild (+/- 10 deg.).
(b) For gravity gradient scheme expensive
attitude sensors and actuators are not
necessary.
(c) There is no significant dissipation
mechanism of kinetic energy in
satellite dynamics, therefore
damping mechanism of libration is
needed.
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UHF and S-band telemetry antenna is
attached on one of the end surface of the
WEOS, and the direction of these antenna
pattern points toward +Z axis. For the passive
gravity gradient stabilization, however, there
are two equilibrium states in the attitude.
Therefore if the antenna side were
pointed to the opposite side of the earth,
reorientation maneuvering will be performed by
utilizing magnetic torque. Two magnetic
control schemes are studied for this purpose.
The one is based on sequential magnetic dipole
moment generation by open loop bang-bang
control
The calculation of the dipole moment
profile and simulation for the maneuvering will
be performed with a computer of the ground
station in advance of the command generation.
Another method is a closed loop magnetic
control which acts as a reverse action of the
libration damping control.
Magnetic libration control will be
petformed using time differential of +Z
magnetic field,and drive +Z magnetic torquer
in bang- bang mode. Since magnetic field
around the satellite changes due to the omital
motion, if fine libration control is required the
effect of this magnetic field fluctuation should
be compensated.
Due to the reason stated above, there
are two libration control modes, the first one
is the coarse control mode, which neglects
the :fluctuation of omital magnetic field, and
the second one is the fine control mode, in
which fluctuation of magnetic field is taken into
account and is compensated by the magnetic
field information supplied from the ground
station.
Figure- 3 shows the results of numerical
simulation for libration control
Condition on the simulation are as follows;
Omit: h=800 kIn, e=O, i=98.7 •
Initial attitude: X axis, Y axis ; in omit plane
spin rate of Y axis ; O.llrpm
(flat spin state)
Attitude disturbance: Residual magnetic
dipole moment is 0.1 ATm 2 •
Gravity gradient torque
(Moment of Inertia,Ix= 59.1,
Iy= 59.1, Iz= 2.2 kgm 2 )
Attitude actuator: Magnetic torque +Z SATm 2
Deployable mast
(including above mass property)

-

2-4 Thermal Control System
For simplicity of manufacturing, we
have adopted a cubic satellite of which side
length is 50 em, where variation of heat
input to the satellite from the sun would range
from 26 W to 44 W according to its attitude.
Figure- 4 shows the temperature trend for
cubic satellite in comparison with a spherical
satellite as the limit case of polyhedral
structure. Temperature rise depending on
power consumption in the satellite is here
neglected.
To keep the temperature of secondary
batteries within a reasonable range during the
operational life, special care has been paid for
the instrumentation of the power system.

3. Probe System
External view of the probe which will be
attached to whales is shown in Figure-5.
In this probe the following instruments are
equipped; a GPS receiver, several sensors
( water pressure, temperature, geomagnetic
field, and hydrophone), data processor with
memory, UHF transmitter, and antennas
and a kinetic power generator. The major
characteristics of the probe are shown in
Table-3.
3-1 Data Processor and memory
When a whale comes up to the sea
surface, a turn on command for the GPS
receiver and the UHF transmitter is generated
by making use of the water pressure sensor.
The GPS receiver makes contact with GPS
satellites and the position data along with the
whale ecological data in the memory will be
sent to the WEOS through UHF telemetry.
To shorten the time for positioning in the
GPS receiver, the position data for attaching
the probe will be memorized in a memory to
make use of them as the initial coarse data.
3- 2 Power Generation
Electric power needed for the instruments
in the probe will be supplied by utilizing kinetic
power of a whale. We assume to use a
kinetic power generation system, which has
been developed by Seiko Epson Co. and is
practically applied to wristwatch, named as
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Figure- 3 Simulation for libration control (Fine control mode)
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Table-3

Major characteristics of probe

Mechanical Characteristics
Shape;
Dimension;
Weight;

Football shape
Long axiS"····30 cm
Short axiS"···15 cm
10 kg

Power system
Generating power;
Power generator,

2W
Kinetic power generator

Telemetry system
Uplink frequency;
Uplink modulation;

UHF
1200 bps Manchester-code/PM

Sensor system
GPS receiver;
Geomagnetic field sensor(Flux gate type),
Water pressure sensor,
Thermometer;
Acoustic sensor,

,
Barbs made of
shape rrerrory alloy

UHF Antenna

. U nOlt
.
D ata P rocessmg
Kinetic

GPS Antenna
/

Ic'

Transmitter

ower Genera tor

Figure- 5 Exrternal View of Probe
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''KINETIC''.
Thus presumable problems caused by
using primary batteries would be resolved.

information exchange system. Since the WCU is
an essential unit of the WEOS, the system
engineers of the WEO S are working
simultaneously as the designers of the wcn
Software developed for the attitude control
system will be combined with the core software
of the WCU.

3-3 Harpoon
In the present system, attachment of
a probe to a whale is essential. As a result of
studies on several possibilities, we have
decided that attachment of a probe is made
with a small harpoon and a cord to connect
them.
To realize a harpoon system as gentle as
possible to the whale body, diameter of the
shaft is made small, and the material is made of
Ti, and its surface would be made porous to
improve the affinity to the living body. As the
top of the shaft backward faced barbs will be
arranged just like ribs of umb rella which are
made of shape memory material (Ti-Ni Alloy).

5- 2 Utilization of consumer Electronics
In general, the cost of space- use parts
occupies a large portion of the total cost of
satellite. Mixing with space- use parts, we
are intending to use up-to-date devices for
consumer electronics, such as V50-CPU, 1Mbit
SRAM, etc. For these devices, total
dose and evaluation test data have already
been obtained, and burn-in screening will
be perlormed prior to their application.
For the protection of RAM against I.atch
up and up set, current limitter circuit will be
installed in each hot line, and error detection/
correction circuit will be provided.

4. Miniaturization Technology
Size, weight and interlace structure of
the WEOS should be designed so as to meet the
requirement as one of the piggy back payloads.
Though the launcher is not yet assigned, the
size is planned to be a cube with the side
length of 50 cm, and the weight is 50 kg.
According to our experience application of
FPGA to on-board equipment will reduce
around 80 % of weight and volume compared
to the application of discrete IC's.
Space qualified parts, such as DIP or flat
package type IC are generally big in size.
Based on several evidence through critical tests,
small surface mounting package, such as QFP
and SOP as consumer electronics parts will be
used mixed with the space qualified parts.
Since the lead style of these packages is gull
wing type, thermal stress caused by the sunlit
and eclipse of the spacecraft would be lightened.
Thus functions mentioned in 2-2 will be
realized in a single unit named WCU, by
which lead wires for inter connections will be
reduced.

5-3 Use of FPGA
By using FPGA many functions are
realized and also confinned by simulation in
design phase, and as the results time necessary
for assembly and electrical tests will greatly be
reduced.

5-4 Handmade Magnetic Torquer
Magnetic torquer required for attitude
maneuvering and libration control of the WEOS
is estimated to be 8 ATm 2 • The coil will be
wound with magnet "ire by hand, based on
an experience for the application to an amateur
radio satellite.

6. Development Scenario
Development items for the probe are
larger than that of the WEOS. Weare going to
manufacture an engineering model of the probe.
Data acquisition by the GPS receiver and
sensors, along with communication link will
be confirmed on the sea surlace by an aid of
helicopter in place of an actual satellite.
Evaluation of the kinetic power generator
will be perlormed with a towing tank in various
conditions of probe motion. In advanced phase
of the probe, acoustic data of whales picked up

5. Cost Reduction
5-1 Development System
Development of the WEOS is conducted
by small working group with sufficient
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with a hydrophone will be processed into a
sonagram by DSP on board the probe, which
allows to be sent by means of low bit rate
telemetry.
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7. Conclusion
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We are going to collect a large amount of
data of whales with the WEOS system, and
to contribute for clarifying big unknown on
the ecology of whales.
By utilizing this system, tracking of the
drift of trash on the ocean surface would also
be performed. Furthermore, if solar cell power
supply were attached to the probe in place
of the kinetic power system, and mUltiple of
this were placed on icebergs, their drift
courses would be clearly tracked with the
migration patterns of whales simultaneously.
We hope that the 'WEOS would be one of the
precursors of cost effective small spacecraft.
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